Muscle responses evoked by electrical stimuli to nerve trunks in man were first examined by Hoffmann (1918) . He showed that a stimulus to the tibial nerve evokes two muscle action potentials (MAPs) in the electromyogram of the calf muscles -an early response caused by direct excitation of motor nerves, termed the M wave, and a late response, termed the H wave. The H wave has been shown to be evoked through a monosynaptic reflex pathway (Magladery et al., 1951) , and is probably transmitted through the same conduction pathway as the tendon jerk.
H waves may be recorded in several muscles of the leg and arm but cannot be evoked in the resting intrinsic muscles of the hand except during post-tetanic potentiation (Hagbarth, 1962) , in certain disease states (Teasdall et al., 1952) , and in infants (Thomas and Lambert, 1960) . A small response, termed the F wave, with a latency similar to the H wave may be evoked in these muscles but only by a stimulus of suprathreshold intensity for motor nerves. F waves are believed to result from antidromic excitation of the motoneurone cell bodies since they may still be evoked after section of the dorsal roots (Gassel and Wiesendanger, 1965; McLeod and Wray, 1966; Mayer and Feldman, 1967 Upton et al. sug- gested that the first response, the VI wave, which has a latency similar to an F wave, was an unmasked H reflex; in the resting state the motor neurones are excited only subliminally by the afferent volley initiated by the stimulus, but during a contraction the excitability of the motor neurone pool is raised so that an H reflex may be evoked. They could not, however, define the origins of the V2 wave but suggested that it was evoked through a polysynaptic pathway.
The origins of the VI and V2 waves are examined further in this study. The results show that both responses are evoked independently of direct excitation of the motor nerves and presumably, therefore, through reflex pathways. The peripheral nerve conduction velocities of the responses are determined and from these the central delays of the reflex arcs are estimated.
Methods
Seventeen experimental subjects aged between 19 and 30 years were used in the study.
The subject was seated comfortably and his left arm was secured, palm up, to a board by a plate over the fingers. Two 9 mm silver/silver chloride disc surface recording electrodes were positioned, one over the abductor pollicis brevis (APB) muscle and the other midway along the proximal phallanx of (Fig. la) .
The VI and V2 waves could also be evoked in the absence of an M wave at lower stimulus intensities. The relationship between stimulus intensity and the recorded amplitudes of the VI, V2, M, and F waves was examined in seven subjects. At experimenter. The mean amplitudes of the Vl and V2 waves were determined from the traces recorded during a contraction, and the mean amplitudes of the M and F waves were obtained from the traces recorded from the resting muscle ( Fig. 2) .
In order to determine the excitability curves of the Vl and V2 waves, it is necessary to measure A fixed latency between the M and Vl waves was chosen, and the mean peak-to-peak amplitude of waves, with a negative peak coinciding with this latency, was obtained (termed the Vol wave) from the traces. Waves with a coincident positive peak were not included.
At low stimulus intensities the mean muscle action potential amplitudes at the latencies of the Vl and V2 waves are similar to that of the Vol wave, and all the muscle action potentials are presumably recorded as a consequence of the concurrent voluntary activity. At a stimulus intensity of 50V (V2 wave) and 55V (Vi wave) the mean amplitude of waves occurring at the latency of the VI or V2 waves was significantly higher than the mean amplitude of the Vol wave. Clear Vi and V2 waves were obtained at stimulus intensities below motor nerve threshold in all seven subjects. These responses are evoked independently of motor nerve excitation and presumably, therefore, through reflex pathways.
At higher stimulus intensities the motor nerves were excited directly and, as expected, the Vol wave declined in amplitude. The effect of the antidromic volley in the motor nerves on the VI and V2 waves is unclear (possibly including antidromic collision and antidromic excitation of Renshaw cells) and, therefore, the following experiments were carried out using stimuli of subthreshold intensity for motor nerves only (except where specified). of 0.55 kg were recorded on moving film either after a stimulus of subthreshold intensity for motor nerves or in the absence of a stimulus.
The latencies of the VI and V2 waves were determined by a trace averaging method. The traces were divided into 2.5 ms intervals for analysis. The peak-to-peak amplitudes of all MAPs on each trace were measured, and the 2.5 ms interval into which the negative peaks fell were recorded. The mean amplitude of MAPs in each 2.5 ms interval was calculated by dividing the total amplitude of all MAPs in each interval by the number of traces. The results for one subject are shown in Fig. 3 . Two periods of raised mean wave amplitudes corresponding to the VI and V2 waves are evident as well as two periods of inhibition.
The responses evoked by subthreshold stimuli to the median nerve at the wrist or the elbow during similar thenar muscle contractions were analysed in the same way. The VI and V2 waves were evoked at a shorter latency by a stimulus at the elbow in all subjects.
The delay between the stimulus artefact and the midpoint of the modal interval of the VI and V2 response distributions, as shown in Fig. 3 Fig. 3 Mean amplitude (±SE) of muscle action potentials in 2.5 ms intervals after a stimulus of subthreshold intensity for motor nerves given to the median nerve at the wrist (upper graph) and in the absence of a stimulus. The abscissa gives the latency from the time at which the stimulus was triggered. 60 ms than 5 ms in any subject, and frequently a large amplitude, and was, therefore, clearly identifiable above the background voluntary activity. However, the difficulty in discriminating the V2 wave from the background noise makes this method unsuitable for determination of the V2 wave latency.
The VI reflex afferent conduction velocity calculated by this method ranged from 56.0-71.3 m/s with a mean of 64.2-4-(SD)4.5 m/s. The mean conduction velocity is very close to that obtained by the previous method but the range is greatly reduced.
ESTIMATION OF vI AND v2 REFLEXES CENTRAL

DELAYS
The central delays of the VI and V2 reflexes were estimated by subtracting the calculated peripheral conduction delays (afferent and efferent conduction time and muscle excitation time) from the actual latencies of the VI and V2 waves.
The afferent nerve conduction velocities for the VI and V2 reflexes were determined as above, using the first method for the V2 reflex and the second method for the VI reflex. The efferent nerve conduction velocity was determined by stimulating at the wrist and the elbow with stimuli of supramaximal intensity for motor nerves and measuring the difference in latency to the peak of the M wave. The length of the nerve was estimated as the distance from the wrist stimulating electrode to the spine with the arm raised laterally at right angles to the body.
The time taken for the afferent volley to reach the spinal cord was estimated by dividing the length of the nerve by the afferent conduction velocity. Similarly, the time taken for the reflex volley to travel from the spinal cord to the wrist was estimated by dividing the length of the nerve by the efferent conduction velocity. The conduction delays were summed to the terminal delay, the time interval between the stimulus at the wrist and the peak of the M wave, and the calculated total peripheral delay was subtracted from the actual response negative peak latencies to give the central delay.
The (Fig. 4) . Such responses have been described previously (Caccia et al., 1973 (Erlanger and Blair, 1938; Veale et al., 1973) , and, therefore, the stimulus of subthreshold intensity for motor nerves used in this study is likely to have excited a larger number of afferent nerve fibres. The VI reflex has several similarities to the H reflex recorded in the calf muscles. Firstly, it has a short latency. Secondly, the H reflex afferent conduction velocity has been determined as 60 m/s (Magladery and McDougal, 1950) , 61 to 70 m/s (Mayer, 1963) , and 62 to 66 m/s (Diamantopolous and Gassel, 1965) , values that are very close to the VI reflex afferent conduction velocity determined here. Furthermore, both the H and Vl reflex afferent conduction velocities are faster than the efferent nerve conduction velocities determined in the same muscles. Thirdly, the H reflex is only recorded in the muscles innervated by the stimulated nerve (Hoffman, 1918 (Hoffman, , 1922 ; the VI wave is only recorded in the thenar muscles of the hand after a stimulus to the median nerve (Upton et al., 1971) . Lastly, the H reflex may be evoked by a stimulus of subthreshold intensity for motor nerves, and attains a maximal amplitude at intensities below those required to evoke a maximal M wave (Taboricova and Sax, 1968) . The amplitude of the VI wave has a similar relationship to the stimulus intensity (Upton et al., 1971; Stanley 1976) .
The above evidence is strongly in favour of a similar conduction pathway for the VI and H reflexes.
The central delays of the VI and V2 reflexes were estimated making two major assumptions: that the efferent and afferent conduction velocities are constant along the lengths of the nerves, and the distance from wrist to spine is a good estimate of peripheral nerve length. However, from the above evidence, and from that obtained by Upton et al. (1971) , it is reasonable to presume by analogy with the H reflex that the VI wave is evoked through a monosynaptic reflex pathway. The mean value obtained of 0.7 ms is within the acceptable range for such a reflex, and suggests that the assumptions made do not affect markedly the estimation of the central delays.
The course of the V2 reflex pathway is more open to conjecture. The latency of the response might suggest a flexion reflex (Shahani, 1969; Cambier et al., 1974) but it has a threshold far below a painful level and a central delay that is far longer. The results presented here suggest the involvement of sensory nerve fibres of smaller diameter than those transmitting the Vl reflex afferent volley. They probably originate in cutaneous or joint receptors though a contribution to the V2 wave due to excitation of spindle afferent fibres cannot be ruled out. This is in contrast to the V2 reflex afferent fibres studied in tibialis anterior muscle of the leg which appear to originate primarily in muscle spindles (Iles, 1977) . It is also possible that excitation of cutaneous receptors immediately under the stimulating electrode contributes to the V2 response.
The long central delay of the V2 reflex suggests a long conduction pathway in the spinal cord. Reflex pathways involving transmission longitudinally within the spinal cord have been described. Shimamura and Livingston (1963) give evidence for a spino-bulbo-spinal reflex pathway, and Marsden et al. (1972, 1973) 
